In general, magnetism and superconductivity are antagonistic to each other. However, there are several families of superconductors, in which superconductivity may coexist with magnetism, and only a few examples are known, when superconductivity itself induces spontaneous magnetism. The most known compounds are Sr 2 RuO 4 and some noncentrosymmetric superconductors. Here, we report the finding of a narrow dome of a novel s + is ′ superconducting (SC) phase with broken time-reversal symmetry (BTRS) inside the broad s-wave SC region of the 1 centrosymmetric multiband superconductor Ba 1−x K x Fe 2 As 2 (0.7 x 0.85). We observe spontaneous magnetic fields inside this dome using the muon spin relaxation (µSR) technique. Furthermore, our detailed specific heat study reveals that the BTRS dome appears very close to a change in the topology of the Fermi surface (Lifshitz transition). With this, we experimentally demonstrate the emergence of a novel quantum state due to topological changes of the electronic system.
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The complexity of the Fermi surface may result in a competition between different SC pairing symmetries in multiband systems [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16] . For a two-band s-wave superconductor, the interband phase difference is either 0 or π in the ground state ( Fig. 1) . However, for a superconductor with more than two bands, repulsive interband interactions might result in a complex superconducting (SC) order parameter with the interband phase difference being neither 0 nor π. Such a complex s+ id or s + is ′ ground state breaks time-reversal symmetry (BTRS) and can be considered as a result of the competition between s and d or different s-wave components. These states with a frustrated phase of the order parameter ( Fig. 1e ) [4, 17] are qualitatively different from the previously studied systems with chiral pairing states such as Sr 2 RuO 4 [18] or with a generic triplet component like noncentrosymmetric superconductors [19, 20] .
In all known multiband superconductors, the phase difference of the SC order parameter between different bands was observed to be either 0 or π. For example, most iron based superconductors (FeSCs) are in close proximity to a SDW phase, in which the interaction between fermions in hole (h) and electron (el) like Fermi pockets is strongly enhanced giving rise to an s ± state [21, 22] . Therefore, frustrated superconductivity might be expected in FeSCs, which are quite far from the SDW phase [24] . It has been argued that in the Ba 1−x K x Fe 2 As 2 system the change of the SC order parameter with doping is caused by topological changes of the Fermi surface (FS), i.e. at a Lifshitz f g hole hole FIGURE 1. Multiband superconductivity Schematic illustration of the change of the topology of the Fermi surface at the Lifshitz transition in the Ba 1−x K x Fe 2 As 2 system with possible s-wave superconducting states [23] . a) The Brillouin zone with two hole and one electron Fermi pockets (optimal doping) and b) the Brillouin zone with two hole Fermi pockets (high doping level). Bottom panels c) -g): possible s-wave pairing states in a clean limit. The relative phase φ of the superconducting order parameter components is shown by the direction of the arrows inside the circles and the magnitude by the length. A frustrated pairing s + is state with arbitrary phase shifts between the components of the order parameter in a clean limit is possible in the three-band case. transition (schematically shown in Fig. 1 ) [8, 14] . According to angle-resolved photoemission spectroscopy (ARPES) at optimal doping, the FS consist of h and el like pockets [25, 26] . This band structure favors an s ± state with a gap function having different signs (π phase shift) on the h and el pockets (Fig. 1d) . With further K-doping the el pockets disappear and additional propeller like h pockets appear at the Brillouin zone corner [27, 28] (not shown in Fig. 1 for simplicity) . These changes suppress the h -el interpocket interaction resulting in a change of the s ± SC gap symmetry to another s or a d -wave state. As a consequence the frustration of the order parameter due to 3 competing interband interactions may lead to phase shifts different from 0 and π (Fig.   1e ). It has been predicted that close to the Lifshitz transition, incipient el bands still contribute to the SC pairing until the distance from the top of these pockets to the Fermi level are comparable with the SC gap size [14] . Therefore, it is expected that this frustrated BTRS SC state appears in the Ba 1−x K x Fe 2 As 2 system at a doping level, at which the el bands just sank below the Fermi level.
It was shown that in the presence of inhomogeneities s+is ′ and s+id phases can generate spontaneous currents and related magnetic fields [9, 13, 16] . These spontaneous magnetic fields in the SC state can be observed experimentally. In our first muon spin relaxation (µSR) experiments, we detected an enhancement of the zero field (ZF) muon spin depolarization rate below the SC transition temperature T c in heavy-ion irradiated Ba 1−x K x Fe 2 As 2 single crystals with x ≈ 0.73 [30] . The observed behavior indicates a BTRS in the SC state. However, the nature of the BTRS state remains elusive so far.
In particular, a very strong inhomogeneity might result at low temperatures in a BTRS state even in a two-band s ± superconductor [29] . Here, we performed systematic investigations of high-quality Ba 1−x K x Fe 2 As 2 single crystals to elucidate the fundamental mechanism responsible for the spontaneous magnetic fields in the SC state. By combined µSR and specific heat studies we show that the time reversal symmetry is indeed spontaneously broken inside a singlet s-wave SC region in clean Ba 1−x K x Fe 2 As 2 single crystals. We also define the size of the BTRS dome on the phase diagram, the symmetry of the SC order parameter in the BTRS state, and the relationship of this novel SC state with topological changes of the Fermi surface.
The SC and normal state physical properties of Ba 1−x K x Fe 2 As 2 single crystals were characterized by DC susceptibility and specific heat measurements. The magnetic susceptibility in the normal state of the samples used in the µSR experiments is shown in Fig.2a . The systematic increase of the susceptibility with K doping is consistent with 4 the reported data [43] . The increase of the susceptibility correlates with an enhancement of the electronic specific heat in the normal state (see below). A pronounced narrow anomaly in the specific heat at T c indicates the high quality of the crystals (see Fig. 2b ).
X-ray and transmission electron microscopy (TEM) did not reveal any secondary phase or extended crystalline defects (see Fig. S1 in the Supplementary material (SM)). For the µSR experiments we selected samples with doping levels of x = 0.69(2) , 0.71(2), 0.78(3), 0.81(2), 0.85(1) and 0.98 (2) . Additional information on the properties of the samples and the experimental design is given in the Method section and the SM.
The temperature dependencies of the ZF muon spin depolarization rate Λ together with the magnetic susceptibility in the SC state are shown in Fig. 3 , the raw data together with details of the analysis are summarized in Section 2 of the SM. The small normal state Λ 0.1 µs −1 is temperature and doping dependent. The extrapolated depolarization rate Λ 0 to T = 0 monotonously increases with the doping following the behavior of the normal state bulk susceptibility (see Fig. S14 in the SM). The increase of Λ 0 with K doping is in line with the behavior of the normal state spin-lattice relaxation rate 1/T 1 and the NMR Knight shift [31] anticipating the proximity of KFe 2 As 2
to an yet unknown quantum critical point (QCP) [32, 33, 34] . This indicates that the depolarization rate Λ reflects intrinsic electronic properties of the samples.
For the samples with 0.71 x 0.81 we observe a systematic increase of Λ in the SC state below a characteristic temperature T * . The effect ∆Λ ∼ 0.01µs −1 is relatively small, but it is visible in the time dependence of the asymmetry measured for different temperatures (see Figs. S6, S7, S8, and S10 in the SM). To determine the T * values we fitted the temperature dependencies of Λ using a power law in reduced
where ∆Λ is the additional depolarization rate below T * , β is an exponent, and Λ 0 and b Λ describe a linear dependence of the Λ in the normal state. We found that the quality of the fits, characterized by χ 2 , is observed, and the magnitude of ∆Λ is consistent with our previous observations for the heavy-ion-irradiated sample with x ∼ 0.73 [30] . However, a quantitative comparison is complicated due to the sensitivity of the local fields to the strength and orientation of the defects [13, 16] .
In Fig. 4 the temperature dependence of Λ is shown within a broad temperature range for two samples exhibiting a BTRS state. We present the data for two muon spin polarization components P µ c and P µ a measured along the crystallographic c and a-axes (the data for other samples are given in Section 2 in the SM). In the normal state, Λ is moderately anisotropic Λ Pµ a Λ Pµ c ∼ 1.7 and exhibits a nearly linear temperature dependence. We could clearly detect the enhancement of the muon depolarization rate for P µ c, whereas for P µ a such an enhancement is not observed. Moreover, for x = 0.78(3) even a slight suppression of Λ cannot be excluded below T * for P µ a.
These data indicate that the internal fields in the BTRS state have a preferred orientation within the ab-plane [37].
To understand this anisotropy of the internal field strength, we modelled the dependence of the spontaneous magnetic fields by adopting a local change of the superconducting coupling constants due to the sample inhomogeneities (see Fig. S19 the SM) using the approach proposed in Ref. [16] . The sample inhomogeneities lead to the variation of the effective superconducting coupling constant λ ≈ λ 0 ± δλ that parametrizes the interband pairing, where λ 0 is the coupling constant without inhomogeneities and δλ describes the variation of the coupling constant due to them. We found that in a broad range of δλ for an anisotropic s + is ′ state the spontaneous magnetic fields are polarized mainly within the ab crystal plane, while for an s + id state their ab-plane and c-axis components would be of the same order [16] . Thus, the observed strong anisotropy of the spontaneous internal fields can be understood as an indication for an anisotropic
The magnitude of the additional depolarization rate in the BTRS state ∆Λ corresponds to an average internal field of < B int >= ∆Λ/γ µ ∼ 0.1 Oe, where γ µ = 0.085
is the gyromagnetic ratio of the muon. Such weak fields can be explained by the same model assuming a small variation of the SC coupling constants with ±δλ of a few percent (Fig. S19 in the SM). We attribute these weak defects to inhomogeneities in the doping level since no extended crystalline defects or impurity phases were found in our TEM investigations. In addition, the analysis of the electrical resistivity data (see 9 Section 4 in the SM) indicates that the amount of disorder is nearly doping independent in the range of x = 0.65 − 0.85. Experimentally, the strength of these inhomogeneities δλ can be estimated from the SC transition width measured by the specific heat. Assuming ∆T c = 1 -2 K and using the BCS expression for T c ∝ exp(−1/λ) we get that δλ varies within ±5%, which is in a reasonable agreement with the expected theoretical value (see the SM).
The evidence for a change of the SC order parameter with doping is provided by the T c dependence of the specific heat jump ∆C el /γ n T at T c (Fig. 2c ). For Ba 1−x K x Fe 2 As 2 single crystals with a doping level x 0.7 ∆C el /γ n T c follows approximately the well-
, which is considered to be a consequence of the nodeless multiband s ± superconductivity in iron pnictides [39] . For the doping level
c results in another scaling curve with α ≈ 0.4. This exponent value is also above the single-band BCS value α = 0 (∆C el /γ n T c = const) and it can be obtained numerically within some theoretical models for an s ± superconductor in the clean limit [39] . The nodal gap structure for the Ba 1−x K x Fe 2 As 2 system at this high doping level [40, 41, 42 ] excludes a conventional s ++ -wave gap. Therefore, we expect an unconventional superconductivity. It might be a different kind of sign change s-wave state. The simplest theoretical proposal (ignoring nodes) for such an s ′ ± state is that the order parameter changes its sign between the two inner h Fermi pockets (see Fig. 1g for the illustration) [8, 14] . In the intermediate doping regime 0.7 x 0.8, ∆C el /γ n T c behaves unusually by exhibiting a local maximum at the BTRS transition temperature T * ∼ T c (Fig. 2d) . The negative exponent α < 0 for the intermediate region is striking, especially in view of the monotonously decreasing T c -value. The observed crossover between two distinct scaling behaviors in a narrow doping range indicates an essential modification of the SC pairing interactions. 10 Evidence for a peculiar SC gap structure inside the BTRS phase can be found also in the high-resolution ARPES measurements [40] . In the BTRS state, the nodes exist only on the outer h Fermi surface centered at the Γ point. Whereas at higher doping, outside the BTRS dome, additional nodes appear on the middle h Fermi surface. Therefore, [27, 28, 44] . In this part of the phase diagram, the SC gap symmetry is s ± with different signs of the order parameter on the el and h Fermi pockets (Fig. 1d) .
ii) For samples with a doping level x 0.65, γ n steeply increases with doping.
In contrast, T c sharply reduces with the doping above x ≈ 0.7 but flattens after the crossing of the BTRS-dome. In the BTRS state, the experimental data are consistent with an s + is ′ frustrated SC state having a ground state interband phase difference of neither 0 nor π (Fig. 1e) . The steep increase of γ n at x ∼ 0.65 we related to the Lifshitz transition observed in the ARPES data [27, 28, 44] at a similar doping level. The data in Ref. [28] were obtained on the crystals prepared in the same way as our samples.
In this case, the Lifshitz transition, related to the shift of the electron pockets at the M point of the Brillouin zone (BZ) above the Fermi level, was observed for the doping [30, 36, 35] . The doping range of the nodal superconductivity is shown according to Ref. [42] . According to our specific heat study combined with the literature data [27, 28, 43, 44, 45] the Lifshitz transition of the the electron pocket at the M points of the BZ occurs at x L ≃ 0.55 − 0.7. levels in between x ∼ 0.5 (T c = 31 -35 K) and x ∼ 0.6 (T c = 23 -27 K). According to these T c values, in our phase diagram (Fig.5 ) this corresponds to the doping levels x = 0.4 -0.5 and x = 0.55 -0.63, correspondingly. In Ref. [27] this Lifshitz transition was observed for the doping levels in between x = 0.7 (T c = 22 K) and x = 0.9 (T c = 9 K). In our phase diagram this corresponds to the doping levels x ≈ 0.64 and x ≈ 0.83, 12 correspondingly. Thus, we concluded that there is a reasonably good correspondence of the kink in the doping dependence of the Sommerefeld coefficient at x ∼ 0.65 with the Lifshitz transition of the electron pocket. We also found a consistency between our data and transport measurements. For example, the minimum in the thermoelectric power at x ∼ 0.55 was attributed to the Lifshitz transition of the electronic Fermi surface [45] .
According to the c-axis value, there is nearly exact correspondence between doping levels from this paper and our phase diagram. Finally, the Hall measurements strongly suggest that the the electron pocket at the M points contributes to the Hall coefficient up to the doping level x ∼ 0.65 − 0.8 (T c ∼ 24 -16 K) [43] . According to T c this doping level corresponds to x ∼ 0.6 -0.7 in our phase diagram. In summary, our detailed specific heat study combined with the literature data [27, 28, 43, 44, 45] allows to locate in the phase diagram the position of the Lifshitz transition of the the electron pocket at the M points at x L ≃ 0.55−0.7 (Fig. 5) . At this doping, the el-Fermi pockets sink below the Fermi level; however, they are still close enough to contribute to the SC pairing in the s ± channel [14] . Therefore, the BTRS dome appears at x x L .
iii) Above x ∼ 0.8 the topology of the Fermi surface does not change anymore, however γ n keeps increase approaching x = 1. This behavior is attributed to the increase of the correlation effects with doping [36, 46] and to proximity to another QCP detrimental for T c [32, 33, 34 ]. At this high doping level, the el pockets move further away from the Fermi energy and cannot anymore contribute to the SC pairing. As a result, the order parameter exhibits another type of the sign change a nodal s-wave state [17, 40, 41, 42] .
Thus, the specific heat in the normal state indicates that the BTRS state appears as a result of essential changes of the electronic structure. Our data are consistent with the scenario proposed in Ref. [14] , where the Lifshitz transition of the vanishing el Fermi pockets at x L ≃ 0.55 − 0.7 drives the BTRS state at a doping level x slightly larger than x L . 13 In summary, we were able to identify a dome of a novel SC phase in the Ba 1−x K x Fe 2 As 2 system that breaks time reversal symmetry, combining µSR and thermodynamic studies.
The analysis of the µSR data indicates that this phase has an s + is Phase purity and crystalline quality of the crystals were examined by X-ray diffraction (XRD) and TEM. The c-lattice parameters were calculated from the XRD data using the Nelson Riley function. The K doping level x of the single crystals was calculated 14 using the relation between the c-axis lattice parameter and the K doping obtained in the previous studies [47] . The sample size and sample mounting were similar as in our previous measurements [30] . To optimize the amount of muons stopped in the sample we used an Ag degrader with a thickness of d Ag = 50 µm. ZF and transverse-field (TF) measurements were performed in the transverse polarization mode, where the muon spin polarization P µ is at 45 o with respect to the muon beam (pointing toward the upward counter) and the sample c-axis [48] . Using the veto detectors of the GPS instrument we were able to measure small samples with a mass of 10 -20 mg. For the measurements at the LTF instrument, 15 we used a bigger sample with the mass of about 60 mg since this instrument was not equipped with a veto detector system. The depolarization rates of the muon polarization components P µ c and P µ a were determined from forward-backward and up-down positron detector pairs, respectively. The background contribution to the sample signal was carefully determined for each sample using TF measurements above and below T c as shown in the in the SM. The obtained background contribution were fixed in the analysis of the ZF data. The data were analyzed using the MUSRFIT software package [49] . Further details of our data analysis can be found in the SM. Competing interests. The authors declare no competing financial interests.
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[37] Different transverse and the longitudinal contributions to the depolarization rate for P µ a can be expected if the internal fields are aligned within the ab-plane. The transverse component enhances the depolarization rate similarly to the observations for P µ c, whereas the longitudinal component of the spontaneous fields can decrease the depolarization rate due to small static internal fields related to the nuclear moments σ/γ n ∼ 1 Oe. Our theoretical analysis predicts spontaneous fields up to several Oe with the average value of about 0.2 Oe (see Section 5 in the SM). The overall effect depends strongly on the details of the spontaneous field distribution, which impedes a quantitative analysis of the experimental data in the BTRS state for P µ a.
SUPPLEMENTARY MATERIAL
In the Supplementary material we show transmission electron microscopy (TEM), additional µSR, specific heat, and electrical resistivity data. We also provide details of the calculations of the spontaneous magnetic fields in the broken time reversal symmetry (BTRS) state within a phenomenological model.
TEM
The TEM lamella was prepared applying the focused ion beam (FIB) technique in a FEI Helios 600i FIB using single crystalline Ba 1−x K x Fe 2 As 2 after the µSR experiments.
The cut was done in a way that the electron beam is parallel to a < 110 > direction of the sample. Figures S1 a) to c) show typical TEM bright field micrographs of the sample. Bending and thickness fringes are visible. Besides the defects caused by the FIGURE S1. TEM overview of Ba 1−x K x Fe 2 As 2 single crystal with x = 0.74(3) according to energy-dispersive X-ray spectroscopy. a) to c) present TEM bright field micrographs of the lamella at different magnifications and d) shows a selected area diffraction pattern. 23 FIB preparation all recorded TEM micrographs do not reveal any impurity phase or other coarse crystalline defects. This is in agreement with the recorded selected area diffraction patterns (e.g. in Fig. S1d ), which only contain spots that correspond to the Ba 1−x K x Fe 2 As 2 phase. FIGURE S2. The summary of the analysis of the µSR data for Ba 1−x K x Fe 2 As 2 sample with x = 0.69(2), m s ≈ 26 mg a) The Fourier transform of the TF time spectra measured above and below T c . The data in the SC state were measured after cooling in the applied magnetic field. The unshifted part of the spectra is a background (BG) contribution used in Eq. S1. b), and c) Examples of the ZF-µSR time spectra at different temperatures for the muon spin component P µ a and P µ c, correspondingly. Symbols -experimental data, solid lines -fits using Eq. S1 The exponential muon spin depolarization rate Λ was obtained from ZF-µSR asymmetry time spectra of the Ba 1−x K x Fe 2 As 2 single crystals using the simplest possible model:
µSR
where A ZF s (0) is the initial sample asymmetry, A bg is the background asymmetry obtained from transversal field (TF) measurements as shown in Figs. S2a, S4a, S6a, S8a, S9, S11a, and S13a for the samples with different doping levels. σ is the temperature independent Gaussian muon spin depolarization rate to account the nuclear contribution with x = 0.71 (2) . The data for this sample were difficult to fit consistently within this strategy. In this case the σ values scatter by ±20% (see Fig. S14 ).
For the data analysis we considered two different strategies. Within Strategy 1 we fixed the initial asymmetry A that the α-parameter (characteristic of the detectors efficiency and geometry) could hypothetically be slightly temperature dependent. We think that the assumption that the asymmetry is temperature independent is reasonable since we examine a very weak magnetism. In the raw data, we did not find any indication for a fast reduction of the asymmetry and observed slight distortion at early times t 0.02µs, only (see insets in
Figs. S3, S5, S7, S10, S12, and S13). Therefore, the data at t 0.02µs were excluded 27 from the analysis. On the other hand, the α value can be temperature dependent due to small change of the sample position with respect to the muon beam and the detectors.
The depolarization rate Λ obtained within Strategy 1 is shown in the main text.
To demonstrate that our conclusions are independent on the assumption that the asymmetry is temperature independent we used also Strategy 2 for the data analysis. In this case, we fixed α obtained from the TF measurements and used the asymmetry as a fitting parameter. The results of the analysis using Strategy 2 are shown in Figs. S3, S5, S7, S10, and S12). Please note, that we find an anomaly at T * in the temperature dependence of the depolarization rate Λ only, and not in any other fit parameter such as α or asymmetry.
In all measurements, we observed that some fraction of the signal (BG) was related to muons stopping outside the sample. For the data collected at the GPS spectrometer (measurements down to T ≈ 1.6 K), we found, as expected, that the BG fraction is the FIGURE S10. The summary of the analysis (using Strategy 2) of the µSR data for Ba 1−x K x Fe 2 As 2 sample with x = 0.81(2), m s ≈ 23 mg. For the description of the figure sections see Fig. S3 . same for both detector pairs (Forward-Backward, and Up-Down) used for ZF measurements (Fig. S9) , and temperature independent within a few percents (error bars of our To describe the field distribution within the SC sample we use three damped Gaussian components as proposed in Ref. [S1] . For the sample with the largest BG we show in the doping and temperature dependencies of the depolarization rates. Therefore, in the main text, we show the data obtained with the zero depolarization rate of the BG.
We observed a much larger BG fraction at the measurements with the low-temperature spectrometer (LTF). This spectrometer was not equipped with Veto detectors to subtract muons passing through the sample. Therefore, in spite of the relatively large sample (m s ∼ 60 mg) the BG contribution was about 60% of the total signal (see Fig. S13 ).
For this sample, we used 37 µm of Ag degrader and the sample was placed on a Ag holder. Therefore, in this case, the BG is related to muons stopping in Ag. In contrast to measurements with the GPS spectrometer above 1.6 K, in which the BG depolarization rate is temperature independent, at low temperatures the Ag depolarization rate is nonzero and strongly temperature dependent (see Fig. S13d ). The temperature dependence of the Ag depolarization rate is attributed to muons trapped by defects [S2]. Therefore, the observed increase of the total depolarization rate at low temperatures is related to the temperature dependent Ag contribution (see Fig. S13 ). In the main text (Fig. 3f) we present the Λ values obtained after subtraction the Ag contribution. FIGURE S15. Temperature dependence of the specific heat for Ba 1−x K x Fe 2 As 2 single crystal x ≈ 0.82. Open symbols -measurements in zero and an applied magnetic field of 9 T along the c-axis of the crystals. The solid line shows the obtained specific heat in the normal state.
In Fig. S14 we summarize the doping dependencies of the depolarization rate Λ 0 extrapolated to zero temperature, and the temperature independent σ obtained within Strategy 1. We found that the doping dependence of Λ 0 is similar to the static spin susceptibility χ 20 (at T = 20 K) measured just above the SC transition. Both, depolarization rate and susceptibility monotonously increase approaching x = 1 and do not show any features across the BTRS dome. This excludes any special impurity effect or proximity to a magnetic state at x ∼ 0.7 − 0.85.
SPECIFIC HEAT
The phonon contribution (C ph ) to the specific heat was determined experimentally using the data in a high magnetic field of the samples with a relatively low T c 10 K as shown in Fig. S15 The obtained C ph -value multiplied by the coefficient A = 1 ± 0.05 adjusted above T c was used for the samples with a higher T c . The quality of the C ph subtraction was examined by the entropy conservation in the superconducting state.
This approach is similar to the one used in Ref. [S3] . S16b ) and can be described by Eq. S2.
We found that the A FL coefficient is nearly doping independent (see in the inset of is nearly doping independent in the range x ∼ 0.65 − 0.85 and then decreases down to x = 1. The overall behavior of the transport data, the depolarization rates, and the susceptibility Fig. S14 allow us to conclude that the BTRS state is intrinsic and the increase of the depolarization below T * is not related to any special kind of disorder, impurity or proximity to a magnetic phase.
SPONTANEOUS MAGNETIC FIELDS IN THE BTRS STATE
The anisotropy and magnitude of the spontaneous magnetic fields in the BTRS superconducting state were estimated using the phenomenological model proposed in
Ref. [S5] .
To calculate spontaneous fields in the anisotropic s + is ′ and s − is ′ states generated by the sample inhomogeneities, such as the inhomogeneous doping level distribution we have adopted the following Ginzburg-Landau free energy derived in [S7] . The intrinsic sample inhomogeneity parametrized by the interband pairing constant η 2 = η 2 (r) shows up in the spatially dependent coefficients of the Ginzburg-Landau functional.
The structure and magnitude of spontaneous magnetic fields generated by such sam- This anisotropy is very important due to the following reason. In general, the inhomogeneous pairing coefficients in s+is ′ state produce local phase shifts of the interdand phase differences thus giving rise to the partial currents in each superconducting band.
These currents are proportional to the phase gradients of the corresponding gap function The current which creates this magnetic field can be obtained using the usual Ampere's law as j = 4π∇ × B.
To illustrate these results let us consider the particular case of spherically symmetric inhomogeneity modelled by η 2 (r) = η 20 e −r 2 . Magnetic field and current patterns produced by such defects are shown in Fig.(S18) . One can see that the directions of fields and currents are opposite in s+is and s−is states. The magnetic field distributions (left panels) are symmetric with respect to all crystal symmetries, that is rotations around the z axis by an arbitrary angle as well as the π rotation around the x or y axes. The field pattern consists of the two clockwise and counter-clockwise parts marked by red and blue arrows, respectively. This supercurrent (right panels in S18) has the same symmetry, therefore only the z-components of the current j z contribute to the magnetic field 38 FIGURE S18. The structure of the spontaneous magnetic field (left panels) and spontaneous currents (right panels) produced by the sphericallysymmetric inhomogeneity in the anisotropic s+is and s−is states. In the left panels the red/blue arrows show clockwise/counter-clockwise parts of the magnetic field distribution. The clockwise and counter-clockwise field is generated by the supercurrents with j z > 0 (red arrows) and j z < 0 (blue arrows) shown in the right panels. Notice that the magnetic field and current directions are opposite in the s + is and the s − is states.
generation. Currents with j z > (<)0 produce clockwise (counter-clockwise) magnetic fields so that we show these currents by the red (blue) fonts, respectively in Fig.(S18) .
The overall sign of the magnetic field in Eqs. (S3,S4) , is determined by the difference between the two gradient coefficients k The absence of magnetic field z-component in Fig.(S18) results from the linear approximation that we used for obtaining the 3D field distribution. We can check the FIGURE S19. Two orthogonal components of the normalized internal spontaneous fields B int /B c2 depending on a strength of the variation of the superconducting coupling constant δη 2 due to an inhomogeneity. Inset: δη 2 dependence of the anisotropy ratio of the internal fields γ int .
To estimate the average internal fields < B int > we assumed a normal distribution of the δη 2 values within the sample volume. According to the main text δλ ≈ δη 2 varies in the interval of ∼ ±5%. This interval corresponds roughly to 95% of the sample volume according to the experimental error-bars. Then taking into account a quasilinear dependence of B int on δη 2 below 0.1, we arrive at average spontaneous fields of < B int >∼ 0.2 Oe (with the maximum fields up to several Oe), which is in a surprisingly good agreement (taking into account used simplifications) with the average value estimated from the µSR data. We believe that our work will stimulate a development of more realistic and sophisticated models based on more experimental material parameters.
